On the limit from Zakharov systems to nonlinear Schrodinger equations (Studies on nonlinear waves and dispersive equations) by 中西, 賢次
Title
On the limit from Zakharov systems to nonlinear Schrodinger
equations (Studies on nonlinear waves and dispersive
equations)
Author(s)中西, 賢次








On the limit from Zakharov systems to
nonlinear Schr\"odinger equations
Graduate School of Mathematics, Nagoya University Kenji Nakanishi
1. $\ovalbox{\tt\small REJECT}_{\overline{\mathrm{B}}}$
Klein-Gordon-Zakharov ( ) Zakharov Schr\"odinger















$E$ : $\mathbb{R}^{1+3}arrow \mathbb{R}^{3}$ $n$ : $\mathbb{R}^{1+3}arrow \mathbb{R}$ (
) $C_{\eta}\alpha$ $c^{2}$ $\alpha$






(NLS) $2iu-\triangle u=|u|^{2}u$ , $n=|u|^{2}$ .
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(KGZ) : $\int_{\mathrm{I}\mathrm{R}^{3}}|c^{-1}E|^{2}+|\nabla E|^{2}+|cE|^{2}+\frac{1}{2}(|\alpha^{-1}|\nabla|^{-1}\dot{n}|^{2}+|n|^{2})$
$(2.1)$ (Z) : $\int_{\mathrm{R}^{3}}|\nabla u|^{2}+\frac{1}{2}(|\alpha^{-1}|\nabla|^{-1}\dot{n}|^{2}+|n|^{2})-n|u|^{2}dx$ ,
$.]\{(j )$
$J_{\mathrm{I}\mathrm{R}^{3\overline{2}}}|c^{-[perp]}\mathrm{A}^{\mathrm{I}}|4+|\nabla B^{\mathrm{I}}|‘+|c\mathrm{A}’|\Delta+(|\alpha^{-1}|\nabla|^{-1}\dot{n}|^{\sim}’+|n|^{\angle})-n|E|^{z}dx$
(N$LS$ ) : $\int_{\mathrm{R}^{3}}|$ $u|^{2}-$–$|u_{2}|^{4}dx$ .
( $\varphi(\nabla)f:=\mathcal{F}^{-1}\varphi(i\xi)\mathcal{F}f(\xi),$ $Ff=\overline{f}$ $\mathbb{R}^{n}$ Fourier )
.
[6, 4, 3] :
(KGZ) : $(E(t),\dot{E}(t),$ $n(t),$ $|\nabla|^{-1}\dot{n}(t))\in II^{1}\cross L^{2}\cross L^{2}\cross L^{2}(c\neq\alpha)$ ,
(2.2) (Z) : $(u(t), n(t))|\nabla|^{-1}\dot{n}(t))\in H^{1/2}\cross L^{2}\cross L^{2}$




[7] $(u, n,\dot{n})\in H^{5}\cross ff^{4}\cross H^{3}$ $n=|u|^{2}$
[1] $H^{6}\cross H^{5}\cross H^{4}$
$H^{1}$ $n=|u|^{2}$
(KGZ) (Z) [2] $(E, E, n,\dot{n})\in H^{s}\cross H^{6-1}\cross H^{s-2}\cross H^{s-3}$ ,
$s>7/2$ (KGZ) (NLS)
$E$
Theorem 2.1. $s>3/2,0<\gamma<1$ $\alpha/c<\gamma$ $(c, \alpha)arrow\infty$
$E$ $n$ (KGZ) $[0, \Gamma l\urcorner)_{\text{ }}t=0$
$(E(0), c^{-1}\langle\nabla/c\rangle^{-1}\dot{E}(0))arrow(\psi_{0}, \psi_{1})$ in $H^{s}$ .
(2.3)
$(n(0), \alpha^{-1}|\nabla|^{-1}\dot{n}(0))$ $lf^{s-1}\vee T^{\backslash ^{\backslash }}\text{ }$




$[0, T^{\infty})$ $\lim \mathrm{i}_{\mathrm{I}1}\mathrm{f}^{\Gamma}\mathit{1}^{\gamma}\geq T^{\infty}$
$(E, n)$ .$\cdot$
$E-(\mathrm{E}_{+}^{\infty}e^{ic^{2}t}+\overline{\mathrm{E}_{-}^{\infty}}e^{-ic^{2}b})arrow 0$ in $C([0,. T^{\infty});II^{s})$ ,
(2.5)





$n(0)-7lf(0)=|\mathrm{E}^{\infty}(0)|^{2}$ , $\dot{n}(0)-\dot{n}_{f}(0)=-\Im[\overline{\mathrm{E}^{\infty}(0)}\cdot\triangle \mathrm{E}^{\infty}(0)]$










$2iE_{k}$. $-\triangle E_{k}=n_{k--1}E_{k-1}$ ,
$\alpha^{-2}\ddot{n}_{k}-\triangle n_{k}=-\triangle|E_{k-1}|^{2}$ .
[4] $E(0)\in H^{1/2},$ $n(0)\in L^{2}\dot{n}(\}0)\in\dot{H}^{-1}$
$\alpha$
-.
Theorern 3.1. $s\in \mathbb{R}$ $\varphi\in H^{s}$ (3.1)
(3.2) $E_{k}(0)=\varphi$ , $n_{k}(0)=\dot{n}_{k}(0)=0$ ,

















$\mathrm{E}:=$ ( $F_{+}$ $,$ $E_{-}$ ) $N$
(5.1)
$e^{ic^{2}}{}^{t}F_{\lrcorner}+:= \frac{1}{2}(E-ic^{-1}\langle\nabla/c\}^{-1}\partial_{t}E)$ , $e^{ic^{2}}{}^{t}E_{-}= \frac{1}{2}(\overline{E^{\tau}}-ic^{-1}\langle\nabla/c\rangle^{-1}\partial_{l}\overline{E})$ ,
$N:=n-\mathrm{i}\alpha^{-1}|\nabla|^{-1}\partial_{t}n$
$\mathrm{E}^{*}:=e^{-2ic^{2}}{}^{t}(\overline{\Gamma_{-}^{\sqrt}\lrcorner},$ $\overline{E_{\tau \mathit{1}}^{)}‘}$ (KGZ),
(5.2) $\{$
$2i\dot{\mathrm{E}}-\triangle_{c}\mathrm{E}=\langle\nabla/c\rangle^{-1}n(\mathrm{E}+\mathrm{E}^{*})$ ,
$i\dot{N}+\alpha|\nabla|N=\alpha|\nabla|\langle \mathrm{E}, \mathrm{E}+\mathrm{E}^{*}\rangle$ ,
$\triangle_{c}=2c^{2}(1-\langle\nabla/c\rangle)$ $carrow\infty$ $\triangle$ $E=e^{ic^{2}}{}^{t}E_{+}+$
$e^{-ic^{2}}{}^{t}\overline{E_{-}},$ $n=\Re N$
$\mathrm{E}arrow \mathrm{E}^{\infty}$ in $C([0, T);H^{s})$ ,
(5.3)
$N-Nf-|\mathrm{E}^{\infty}|^{2}arrow 0$ in $C([0, T))$. $H^{s-1}$ ),
$N_{f}=e^{i\alpha|\nabla 1t}|$ ( $N(0)-|\mathrm{E}^{\infty}$ (O)|2)
$=$
$\varphi\in C_{0}^{\infty}(\mathbb{R}^{n})$ $2/3<|\xi|<3/2$
$\varphi(\xi)=1,$ $|\xi|<1/2$ $|\xi|>2$ $\varphi(\xi)=0$ $\Lambda T$ ,
$\mathrm{E}_{M}$ , $\mathrm{E}_{X}$




$(5.51’ X^{s,1}(0, T):=e^{i\triangle_{\mathrm{C}}t/2}H^{1}(0, T;H_{x}^{s}), Y^{s,1}(0, T):=e^{i\alpha|\nabla|t}H^{1}(0,2^{1}\cdot H_{x}^{s}))$ .
78
Strichartz $\kappa>0$ $s-3\kappa>3/2$ $2+:=$
$1/(1/2-\kappa)$
$\mathrm{S}\mathrm{t}\mathrm{r}^{E}(0, T):=L^{\infty}(0, T;H^{s})\cap\langle\nabla/c\rangle^{[perp]/l-\kappa}.L^{2+}(0, T;B_{1/\kappa}^{s-[perp]/\overline{z}+\kappa})$ ,
(5.6)














$E,$ $F$ $\mathrm{E}$ $N,$ $E,$ $F$
$\tilde{\delta}>0$ ,
$N=N^{C}+N^{F}$ . $\overline{N^{C}}(\tau, \xi)=\chi((\tau-|\xi|)/\delta\dot{)}\hat{N}(\tau, \xi)$ ,
(6.2) $E=E^{C}+E^{F}$ $\overline{E^{C}}(\tau, \xi)=\chi((\tau-\omega(\xi))/\delta)\hat{E}(\tau, \xi)$ ,
$F=F^{C}+F_{:}^{F}$ $\overline{F^{C}}(\tau, \xi)=\chi((\tau-\omega(\xi))/\delta)\hat{F}(\tau, \xi)$ ,
$\omega(\xi):=2c^{2}(\langle\xi/c\rangle-1)\}$ \^u Fourier $\chi\in C_{0}^{\infty}(\mathbb{R})$ $|t|<1$




$k<<j \sim l\oint M$







$c(c+j+k+l)$ $\alpha\geq c$ $\mathrm{E}^{*}$
7.
(7.1) $\mathcal{E}_{M}$ $:=2(\triangle_{\mathrm{c}}\mathrm{E}|\langle\nabla/c\rangle \mathrm{E}_{M})_{x}+(N|N_{M})_{x}/2-(r\iota_{M}\mathrm{E}_{M}|\mathrm{E}_{M})_{x}$,
$(f|\prime g)_{x}$ $L^{2}(\mathbb{R}^{3})$ $\mathrm{E}^{*}$ cE
$\partial_{t}\mathcal{E}_{M}=-2(n\mathrm{E}-nf_{V}f\mathrm{E}_{M}+n\mathrm{E}^{*}|i\triangle_{\mathrm{c}}\mathrm{E}_{M})_{x}$
$(7.2)$ $+(n_{M}\mathrm{E}_{M}|iP_{M}\langle\nabla/c\rangle^{-1}n(\mathrm{E}+\mathrm{E}^{*}))_{x}$
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